Abstract ated in the occurrence of methaemoglobinemia and possibly in gastric cancer (Bruning-Fann and Kaneene, Plant nitrate and water contents (g−1 dry weight) were 1993a, b). For instance, there are reports of values higher monitored (1) in tomato plants in a growth room, during than 65×10−6 mol g−1 fr. wt. in lettuce leaves (Gaudreau the day/night cycle with varied light intensities; (2) in et al., 1995) and higher than 110×10−6 mol g−1 fr. wt. two lettuce cultivars during the day/night cycle in a in cress shoots (Quinche and Dvorak, 1980). Moreover, growth room and during growth in a glasshouse. Large, as much as 60% of total nitrogen may be in the form of concurrent, and linearly correlated changes in nitrate nitrate (Maynard et al., 1976) rendering problematic the and water contents were observed in both species and design of models predicting plant total nitrogen content time-scales. Although these changes were dependent from growth, as these models presumably represent plant on light intensity and other environmental conditions, demand for reduced nitrogen (Justes et al., 1994). Today, the slope of their relationship was not affected.
Introduction effect, marked diurnal patterns showing a decrease of Nitrate accumulation in plants is a subject of concern for nitrate content during the day period followed by an human and animal health, as edible parts may contain increase during the night, have also been demonstrated (Maynard et al., 1976; Steingrö ver et al., 1986 ; Delhon very high concentrations of this ion that has been implic-et al., 1995a, b; Cárdenas -Navarro et al., 1998 Ruiter-Seeds) were directly sown, without any substrate, in a nitrate partly by reduced compounds (ammonium, urea, NFT set-up inside a growth room as previously described etc.), lowers plant nitrate content (Gashaw and Mugwira, (Cárdenas-Navarro et al., 1998) . During the germination period (8 d), humidity and air temperature were set to 85% and 25°C, 1981; van der Boon et al., 1990; Gü nes et al., 1996;  respectively, and photosynthetically active radiation (PAR) was Santamaria and Elia, 1997) .
progressively increased by switching on a higher proportion of Plant nitrate content is commonly viewed as the mere the fluorescent lamps (0/4 from day 1 to 3, 1/4 on day 4, 2/4 result of an imbalance between its net absorption and on days 5 and 6, 3/4 on day 7), the length of the photoperiod assimilation rates (Maynard et al., 1976) . Thus, the effect being 12 h. From day 8, maximum PAR (silicon sensor at plant level was about 400×10−6 mol m−2 s−1, and of endogenous and exogenous factors seems straightforhumidity and air temperature were set to 75% and 20°C, ward: on the one hand, both uptake and assimilation respectively. The nutrient solution (3.0 mol m−3 pH 4.9) systems are genetically determined (Ferrario-Méry et al., was made-up with deionized water and the following pure salts, 1997; Ourry et al., 1997) , explaining the variability of in mol m−3: KH 2 PO 4 , 1.0; K 2 SO 4 , 1.0; Ca(NO 3 ) 2 , 1.5; CaSO 4 , plant nitrate content among species and cultivars; on the 2.0; MgSO 4 , 1.5; EDTA-Fe, 43×10−3. Other trace elements following Kanieltra formula 6-Fe (Hydro Azote, Nanterre other hand, nitrate absorption depends on nutrition and France), were added at 0.1×10−3 m3 m−3. In all experiments, its assimilation depends independently on climate as it is measurements were carried out on day 19 when plant characterpartly a photosynthetic process in many plants (Ferrario- istics were the following, if grown continuously on 3.0 mol m−3 Méry et al., 1997) . However, so far, no predictive model NO− 3 : plastochron index, 4.4 (base 2 cm); dry weight, 0.36 g for nitrate accumulation has emerged from this plant−1; dry weight organ ratios (% of whole plant), roots 12, stems and petioles 23, leaf laminae 65.
concept.
The effects of light and nutrition were studied in four Alternatively, the plant nitrate content might either be experiments. In experiment 1 (Cárdenas-Navarro et al., 1998), fixed through osmotic potential regulation (Blomplants grown on 3.0 mol m−3 NO− 3 were sampled every 2 h Zandstra and Lampe, 1985; Steingrö ver et al., 1986;  during the 12/12 h day (PAR=400×10−6 mol m−2 s−1) and McIntyre, 1997) , or regulated per se through negative , 1989; King et al., 1993) or assimilation ( King et al., at 0 h; 1/4 at 2 h; 2/4 at 3 h; 3/4 at 5 h; 4/4 at 6 h; 3/4 at 8 h;
1993) were varied, and by the negative correlation 2/4 at 9 h; 1/4 from 10-12 h. In experiment 3 (Cárdenas-between uptake rate and endogenous nitrate (Breteler Navarro et al., 1998) , plants grown on 3.0 mol m−3 NO− 3 were sampled during a prolonged period of darkness (48 h) at times and Nissen, 1982; Glass et al., 1985; Siddiqi et al., 1989, 0, 6, 12, 24, 36, and 48 , from the beginning of the dark period.
1990
; Lainé et al., 1995; Cárdenas-Navarro et al., 1998 , In experiment 4 (Cárdenas-Navarro et al., 1999 , plants were 1999). Furthermore, the direct measurement of cytosolic submitted to a limiting nitrate nutrition, by switching the nitrate concentration shows that it is regulated in root nutrient solution from 3.0 mol m−3 NO− 3 to 0.2 mol m−3 cortical cells (Miller and Smith, 1996) . There is no such NO− 3 , on day 17. Both solutions were made up with the same salts, but Ca(NO 3 ) 2 was reduced to 0.1 mol m−3, and CaSO 4 direct evidence of homoeostasis of nitrate in other comwas increased to 3.4 mol m−3. Twelve harvests were carried out partments, organs or at the whole plant level, but it on day 19, during 4 h at the end of the day period (PAR= should be stressed that recent simulation models based 400×10−6 mol m−2 s−1).
on this hypothesis seem able to predict adequately the In all experiments, four plants (pooled in experiments 1, 2 whole plant nitrate content (Scaife, 1989; Cárdenas-and 4) were sampled at each harvest after washing their roots for 2 min in a nitrate-free solution (Cárdenas-Navarro et al., Navarro et al., 1998 Navarro et al., ). 1998 Data from the literature plant dry weight, 0.32 and 0.14 g plant−1; dry weight organ Papers relating both nitrate content and % dry weight were ratios (% of whole plant), roots 14 and 16, shoots 86 and 84.
collected. As most dealt only with edible parts that could not On day 29, three groups of plants were submitted to different be compared, and only a few with whole plants, only those irradiance levels (149, 110 and 90×10−6 mol m−2 s−1 PAR) by dealing with whole, clearly identified shoots were selected. For shading. Eight harvests of three plants per irradiance and per instance, papers on lettuce plants, whose outer senescent leaves cultivar were carried out during the day and the following night were trimmed, and on radish, whose edible part was wrongly periods. Roots were blotted dry on absorbing paper, plant fresh considered as a root, were rejected. A second selection criterion and dry weights and nitrate content were measured under was plant nutrition. Only data obtained on plants presumably conditions similar to the tomato experiments.
fed continuously with nitrate were retained. On this basis, soil In experiment 6, plant nitrate and water contents were or NFT grown plants were selected, while they were rejected monitored during growth in a glasshouse. Lettuce seeds, sown when grown on sand culture with intermittent fertilization. on small rockwool plugs (height 5.5 cm×diam 3 cm, Isover St None of the selected papers provide sufficient information on Gobain), were germinated in a growth room (9 h photoperiod, the procedure for fresh weight measurement, and dry weights 300×10−6 mol m−2 s−1 PAR, 20°C ). On day 19 (11 January), were obtained by drying at different temperatures, from they were transferred to a NFT system in an unheated 70-105°C. Nitrate analysis were performed using either potentglasshouse where the mean daily temperature varied between iometry, automatic colorimetry or gas chromatography. 11°C and 20°C during the growth season. The NFT system Data were derived either from the tables, or from the scanned comprised eight independent blocks, each with eight 2 m long plots (Arcus II, AGFA) using a specialized software (Data PVC troughs and one 0.3 m3 nutrient solution tank. Both Thief v.2 for the Macintosh, K. Huyser and J. van der Laan, lettuce cultivars were planted alternating between troughs. The NIKHEF-K, Amsterdam, The Netherlands). nutrient solution (11 mol m−3 NO− 3 , pH 5.5) was made-up with deionized water and the following pure salts, in mol m−3:
Abbreviations and units KH 2 PO 4 , 2.0; KNO 3 , 3.0; Ca(NO 3 ) 2 , 4.0; MgSO 4 , 1.0; EDDHA-Fe, 29×10−3. Other trace elements were added as for Q NO− 3 , plant or organ nitrate content (mol g−1 dry wt.); Q H 2 O , tomato plants. Mineral composition was maintained by adding plant or organ water content (m3 g−1 dry wt.); PAR, photosynsalts after solution analysis (2 to 3 times a week). Twenty-nine thetically active radiation (×10−6 mol m−2 s−1); NFT, nutrient harvests of one plant per cultivar and per block were carried film technique. Throughout this paper, 'content' refers to mol out along growth between days 22 and 90 after sowing, during nitrate, or m3 water, g−1 dry weight, and 'concentration' to mol which the mean whole plant dry weight increased from 0.037 nitrate m−3. to 47 g for Averya and from 0.032 to 54 g for Jessy. Roots were blotted dry on absorbing paper, plant fresh and dry weights and nitrate content were measured on the whole plant, including Results senescent and dead leaves. The whole process from harvest to fresh weight measurement was carried out plant by plant to Diurnal dynamics and nitrate nutrition effects in tomato minimize the bias on water content determination. However, due to other measurements (plant projected area etc.) and to concurrent. Prolonged darkness can be divided in two periods according to the nitrate and water content changes ( Fig. 1C ) in experiment 3: during the first 24 h, the contents increased steeply (from 0.55 to 0.96×10−3 mol g−1 and from 9.5 to 13×10−6 m3 g−1, for nitrate and water, respectively), and afterwards they continued to increase slowly but significantly (from 0.96 to 1.1×10−3 mol g−1 and from 13 to 14×10−6 m3 g−1, for nitrate and water, respectively). Throughout the prolonged night, the patterns of nitrate and water content changes were still similar.
Although complex at first sight, diurnal nitrate and water content variations in experiments 1 to 3 show a simple linear relationship between both variables ( Fig. 2 , open symbols, dashed line): (0.23 g plant−1) was well below the value measured in the nitrate content reduction adjusted to water content the previous experiments (0.52 g plant−1), and reduced (i.e. for the same water content, the difference between the relative growth rate from 0.3 d−1 to 0.03 d−1. It also actual and computed nitrate contents) was only 85×10−6 reduced significantly plant nitrate (F 1,17 =220) and water mol g−1 dry weight. (F 1,17 =11) contents g−1 dry weight. Figure 2 (closed symbols) shows that, due to the concurrent nitrate and water Diurnal and growth dynamics in lettuce cultivars content reductions, the data are significantly (F 1,41 =10.5) below, but close to the regression line (Fig. 2, dashed Two lettuce cultivars (Averya and Jessy) were compared under constant nutrition at two time scales: a diurnal line) for plants grown at 3.0 mol m−3 (equation 1). Thus, Nitrate accumulation 617 cycle on 29-d-old plants grown in a growth room, and well as water contents were consistently higher in Jessy than in Averya. When water content was introduced as a during growth in a glasshouse, from days 22 to 90 after sowing.
covariate, a covariance analysis showed that nitrate content was mainly explained by the cultivar (F 1,138 =307) In experiment 5, plants were grown on 3.7 mol m−3 NO− 3 under a 12 h photoperiod. When submitted to three and the water content (F 1,138 =121), and only slightly by the irradiance (F 2,138 =5.4). light regimes (90, 110 and 149×10−6 mol m−2 s−1 PAR) on day 29, nitrate and water content changes of both In experiment 6 with constant nutrition (11 mol m−3 NO− 3 ), both cultivars exhibited a wide range of nitrate cultivars were roughly parallel (Fig. 3A, B for the highest light irradiance) and their diurnal pattern was mostly the and water contents (Fig. 4A, B) during growth, from the seedling to the commercially mature stages, under the same as in tomato plants (experiment 1, Fig. 1A) . However, presumably due to the lower light intensity, changing climatic conditions of a glasshouse. As for diurnal dynamics in experiment 5, the patterns were their amplitude was lower in the lettuce than in the tomato experiment. The extent of nitrate and water similar for both cultivars, Jessy exhibiting always higher nitrate and water contents than Averya. Furthermore, the content changes was the same for both lettuce cultivars (about 0.15×10−3 mol g−1 nitrate and 3.5×10−6 m3 g−1 trends in nitrate and water content changes were almost parallel. According to covariance analysis, the nitrate water, under 149×10−6 mol PAR) and was dependent on light intensity (not shown). Furthermore, nitrate as content was significantly explained by the water content (F 1,395 =1009) and the cultivar (F 1,395 =425). When individual data from both trials, during the day/night cycle (experiments 5) and along growth (experiment 6), were analysed in a single covariance, the nitrate content was positively correlated to the water content (F 1,536 =1275) with the same slope ( Fig. 5A, B ), but different intercepts depending on the cultivar (F 1,536 = 667) and experiment (F 1,536 =55): 14×10−6 for Jessy in the growth room and the glasshouse, respectively.
pattern, and of a very low range of values for the water Distribution in tomato content (16-18×10−6 m3 g−1), a significant linear relationship was also observed between nitrate and water In experiments 1 to 3 with 19-d-old tomato plants grown on 3.0 mol m−3 NO− 3 , the diurnal pattern of nitrate and contents ( Fig. 6C ) . Among plant parts, stems and petioles displayed the best correlation, and, as they contained water content changes in leaf blades and stems and petioles was similar to the whole plant's, resulting also in 40% of plant water (40% in leaf blades, 20% in roots) and 60% of plant nitrate (20% in leaf blades, 20% in linear relationships between both variables ( Fig. 6A, B) . For roots, in spite of the absence of such marked diurnal roots), they also were the most dominant of the whole plant relationship in equation 1.
Leaf blades
Stems and petioles
Data from the literature
In a genetic study, Reinink et al. (1987) found a negative relationship between nitrate content and % dry matter in the shoots of 61 butterhead lettuce cultivars grown on peat soil in a glasshouse. Their data were transformed in order to plot ( Fig. 7A ) nitrate (mol g−1 dry matter) against water content (m3 g−1 dry matter). N fertilization (75-255 kg ha−1) in the open field was studied on spinach (cv. Matares) by Vergniaud and Huguet (1971) . Their data show a positive effect of the N regime on the shoot dry weight yield (1.50-2.15 t ha−1), and Fig. 7B (closed symbols) shows that shoot nitrate and water contents were correlated. The effect of light was also studied on soil grown spinach (cv. Viking) in a glasshouse by Quinche (1982) . From harvests at three different periods (morning, midday, evening) and seasons, he concluded that shoot nitrate was negatively correlated to irradiance during the preceding 24 h. Figure 7B (open symbols) shows that it was also correlated to large changes in the shoot water content.
The effect of environment was studied by Quinche and Dvorak (1980) who compared plants (basil, Ocimum basilicum; tarragon, Artemisia dracunculus; marjoram, Majorana hortensis; thyme, Thymus vulgaris) grown in the open field and in a glasshouse. Their data, as well as others dealing with lamb's lettuce (Valerianella olitoria) grown in soil under a glasshouse (Quinche, 1982) , were gathered on a common plot (Fig. 7C ) . It shows that shoot nitrate (mol g−1 dry wt.) and water (m3 g−1 dry wt.) were positively correlated and, for the same genotype, lower than 7.0×10−6 m3 g−1 dry wt. (Fig. 7A-C vocative' correlation between plant water and nitrate (m3 g−1 dry wt.) with endogenous and environmental contents g−1 dry weight. Although they noted it could parameters. In shoots, the large genotypic differences, have been merely circumstantial, they suggested that the from 1.8×10−6 in thyme (4 in Fig. 7C ) to 16×10−6 in a 'involvement of water relations in nitrate accumulation lettuce cultivar (Fig. 7A) , are typical of those observed requires further investigation'. In this paper it is reported between perennials and annuals (Garnier and Laurent, that plant nitrate (mol g−1 dry wt.) mimics water content 1994). However, a broad range (9.3-16×10−6) was also (m3 g−1 dry wt.) changes and therefore varies highly with found between butterhead lettuce cultivars ( Fig. 7A) , the the same endogenous and exogenous parameters: genodifferences being maintained in short- ( Fig. 3, squares) type (species and varieties), distribution in plant, shortand long-term ( Fig. 4, squares) experiments. Among and long-term dynamics, light irradiance, environmental tomato parts, although 65% plant dry matter was in leaf conditions (open field versus glasshouse) and N nutrition. blades, stems and petioles having a much higher water Depending on the limiting factor, plant growth rate can content ( Fig. 6A, B) were an important water reservoir.
be increased by light irradiance or the N nutrition regime, The effect of environment was observed from (1) the fast the former leading to reduced and the latter to increased diurnal and light-dependent changes in tomato ( Fig. 1 , plant nitrate content (Maynard et al., 1976) . Nevertheless, squares) and lettuce ( Fig. 3, squares) ; (2) the long-term a most striking feature of these results is the significant changes along with lettuce growth (Fig. 4, squares) in the positive correlation between nitrate (mol g−1 dry wt.) and glasshouse; (3) the comparison of open field and glasswater (m3 g−1 dry wt.) contents. house plants (Fig. 7B, C ) ; (4) N restriction in the nutrient Homoeostasis for nitrate concentration (mol m−3) was solution (Fig. 2, closed symbols) and in the soil ( Fig. 7B , formerly proved only in the cytosol (Miller and Smith, closed symbols). The same N effect has been shown on 1996). Its mechanism, a negative feedback of endogenous other crops in the glasshouse (Masson et al., 1991) , nitrate on the transport systems, can also be inferred according to the relative addition rate in a growth room from whole plant or organ studies showing a negative (Oscarson et al., 1989) and after interruption of nitrate correlation between their nitrate concentration and the nutrition (Burns, 1992) . uptake rate (Breteler and Nissen, 1982; Glass et al., 1985 ; The physiological basis of the genotypic effect is still Siddiqi et al., 1989 Siddiqi et al., , 1990 Lainé et al., 1995; Cárdenas-unclear. It can be partly explained by differences in the Navarro et al., 1998 Navarro et al., , 1999 , although it is not clear ratio between organs and also in the proportion of the whether the transport systems are repressed by nitrate leaf volume occupied by mesophyll and epidermis cells itself or through intermediary compounds. Thus, an among annuals (Heineke et al., 1997) and between attempt can be made to explain the statistical interdependannuals and perennials (Garnier and Laurent, 1994) . As ence between endogenous nitrate and water contents (g−1 water content is the ratio between water (m3) and dry dry wt.) at the whole plant or organ level, using a model matter (g), the fast changes due to the environment can based on homoeostasis. Figure 8 is an endeavour to be interpreted by its effects on both. Water changes result from (1) the light and humidity dependent imbalance between water uptake and transpiration as evidenced by their direct measurement (Simonneau et al., 1993; van Ieperen and Madery, 1994; Andriolo et al., 1996) or the diurnal stem diameter variation (Simonneau et al., 1993) ; (2) the effects of N nutrition on root hydraulic conductance (Carvajal et al., 1996; Hoarau et al., 1996) and osmotic potential (McIntyre, 1997) . Likewise, nonstructural dry matter accumulation is a consequence of (1) light, as demonstrated from direct measurement (Gent, 1986; Gary, 1988) or by diurnal changes in specific leaf area (Dijkstra, 1990; Cao and Tibbitts, 1997) ; (2) N restriction, leading to starch accumulation in leaves and a related decrease in their specific leaf area (Le Bot et al., their water content g−1 total dry weight. summarize, in a simplified one-compartment model, the with their reduced stem, as it is close to the tomato leaf blades (67 mol m−3, equation 3) and lower than the processes involved in this relationship. Homoeostasis for whole tomato (140 mol m−3, equation 1). On the other nitrate concentration (mol m−3) in this compartment hand, as equations (1) and (2) account for fast diurnal results from its inhibition of the transporters (1, Fig. 8) .
changes, it is tempting to identify water pools to apoThis repression tends to compensate concentration variplasm, symplasm or vacuoles. However, the necessary ations (Glass and Siddiqi, 1984; Cárdenas-Navarro et al., information is not available on their volumes g−1 dry wt. 1998) due to perturbations such as changes in the nutriand is scarce on their nitrate concentration (Speer and tion regime (2, Fig. 8 ) or in the light dependent (FerrarioKaiser, 1991; Miller and Smith, 1996) . Furthermore, in Méry et al., 1997; Mackintosh, 1997) assimilation rate % of tissue water, the apoplast is usually reported in the (3, Fig. 8) . Likewise, as concentration is the ratio between 4-7% range using microscopy techniques (Heineke et al., nitrate and water contents g−1 dry weight (4, Fig. 8) , the 1997), but much higher values, up to 50% ( Urban et al., changes of endogenous water resulting from the imbal-1993) have been published when it is identified to the ance (Simonneau et al., 1993; van Ieperen and Madery, so-called non-osmotic water in the pressure-volume tech-1994; Andriolo et al., 1996) between its uptake (5, Fig. 8) nique. This shows the difficulty of relating microscopic and transpiration (6, Fig. 8 ) should also be seen as structures to a compartmental behaviour at the whole perturbations for nitrate homoeostasis. In the model, the plant level. correlation between nitrate and water contents (g−1 dry wt.) results from this simple relationship between solute Nitrate and water contents in relation to growth and solvent and it may be noticed that it is consistent with the reduced nitrate uptake rate observed in plants Growth and nitrate content (g−1 dry wt.) were reduced whose water content declined as a result of low humidity in tomato ( Fig. 2 , closed symbols) and soil grown spinach (Brewitz et al., 1996) . This paper does not intend to ( Fig. 7B , closed symbols) by restricting nutrition. explain the regulation of plant water content (g−1 dry
However, adjusted to the plant water, the nitrate content wt.). However, the water content is modified by nutrition reduction was undetectable in the spinach experiment, and, as nitrate is thought to be an important osmoticum and small (85×10−6 mol g−1) compared to the diurnal (McIntyre, 1997), it is possible to hypothesize that water dynamics (300×10−6 mol g−1, Fig. 1A ) in tomato. Thus, fluxes are perturbed unspecifically by changes in nitrate relating plant growth to the nitrate content may not be osmolarity (5 and 6, Fig. 8 ), which does not preclude straightforward. The critical nitrate level in plants, either other perturbations such as the effect of nitrate on root expressed on a dry weight or tissue water basis, has been hydraulic conductance (Carvajal et al., 1996 ; Hoarau defined as the value which, under nitrate deficiency, results et al., 1996) . To our knowledge, this is the first time that in a 10% (Maynard and Barker, 1974; Burns, 1992) or the correlation between nitrate and water contents (g−1 5% (Scaife, 1988) growth restriction. The wide range of dry wt.) is used as a direct evidence of homoeostasis published values for lettuce shoots (140-560×10−6 for endogenous concentration inside a compartment mol g−1 dry wt.) was ascribed to differences in the cri-(mol m−3). This approach should be also relevant for terions used for estimating growth restriction: final plant other solutes. For instance, homoeostasis for K+ concenweight versus relative growth rate (Burns, 1992) . The tration (Glass and Siddiqi, 1984) and the positive correlainterdependence of water and nitrate contents may also tion (Leigh and Johnston, 1983) between K+ and water account for this variability. Indeed, using the published contents (g−1 dry wt.) were both independently reported.
fresh and dry weight data of Maynard and Barker (1974) In this model, the changes in plant nitrate content (g−1 who compared the critical nitrate content in three dry wt.) result from variations in the volume of a water spinach cultivars, the corresponding water contents pool, whose mean concentration (mol m−3) is the slope (7.9-8.8×10−6 m3 g−1 dry wt.) were calculated. The in equations 1 to 6. However, as these regression lines latter were introduced in equation (6) to compute the never contained the origin, the overall organ or plant expected nitrate content in non-limited shoots. In spite nitrate concentration (mol m−3) is dependent on their of the 4-fold range of shoot critical nitrate between water content (g−1 dry wt.). Thus, from the modeller's cultivars (32-121×10−6 mol g−1 dry wt.) reported by viewpoint, two water reservoirs are involved. Both are Maynard and Barker (1974) , when adjusted to water, submitted to homoeostasis with different set points for their difference with the nitrate content in well fed plants nitrate concentration, but only one compartment has a (equation 6) was nearly constant (133-149×10−6 mol g−1 highly variable volume. It is likely that these water pools dry wt.). do not match plant structures in a simple way. On the one hand, genotypic differences (equation 6, Fig. 7A-C ) Consequences of the nitrate-water relationship may result from organ and tissue proportions. For instance, the concentration of the variable pool in the Plant water may be seen as a reservoir for solutes. Thus, changing its size should also result in changing the content whole lettuce (59 mol m−3, equation 2) may be associated of solutes whose concentration is determined by homoeo-(Le Bot et al., 1995) . Furthermore, the absence of correlation between N and nitrate contents Macduff, 1995) stasis. This may be important as the solute content determines the buffer size between sources and sinks. In shows that they have a different determinism. Thus, for high nitrate plants, there would be some logic in relating a previous paper (Cárdenas-Navarro et al., 1998) , net nitrate uptake rates measured in tomato plants during reduced N to dry matter, to which it belongs, and nitrate to tissue water, in which it is dissolved. However, the the day/night cycle were in the 23-52×10−6 mol g−1 h−1 range, while the assimilation rate was estimated to take water status is generally described by its chemical potential and only a few models predict the plant water content place mainly during the day at a mean 60×10−6 mol g−1 h−1 rate. The difference of absorption and assimchanges ( Thornley, 1996; van Ieperen, 1996) . Although most of the water taken up by plants is lost by transpirilation rates resulted in decreasing and increasing plant nitrate contents during day and night, respectively. ation, more attention should be paid to plant water content as it is the medium in which most solutes are Conversely, it can be considered that a high nitrate content allows such differences between absorption and contained. assimilation rates, without the need for instantaneous increase or decrease of the uptake capacity. Assuming that plant nitrate is freely available to assimilation, it is Acknowledgements possible to estimate the capacity that its endogenous J Fabre and M Pujas are gratefully acknowledged for their help content offers to sustain growth without depending on in looking after the crops. Thanks to J Le Bot for revising the the uptake systems. Such buffer capacity may be seen as English. During this research, R Cárdenas-Navarro received a a growth autonomy that may be computed as the ratio Mexican CONACYT fellowship. between nitrate and critical reduced N contents. The latter has been estimated to 4.42% (Justes et al., 1994) , i.e. 3.16×10−3 mol g−1, in young C 3 plant shoots. Thus,
